Introduction
An important decision to be taken when designing superconducting Proton Storage Rings is whether the vacuum chamber should be maintained at room temperature or cooled down with magnets. A cold bore machine would present many peculiar features, both with respect to design and operation. A few of these features are attractive, others are more of an inconvenience. Advantages and disadvantages have been discussed by many authors and recently summarisedl. Besides practical implications a necessary condition to be fulfilled is that of the vacuum stability. Circulating protons result in ion bombardment of the vacuum chamber by ionising residual gas molecules and accelerating the ions so produced to the surrounding walls. Depending on surface conditions, gas release may lead to unstable pressure rises when not balanced by an adequate pumping speed. A cold bore solution appears particularly promising in this respect since the vacuum chamber itself becomes 4 cryopump. However, the pumping action of the walls may lead to large gas coverages and consequently to large ion induced desorption.
By equating the rates of degassing and wall pumping and in absence of lumped pumping stations, it can be derivedl that the pressure runs away when the current of the circulating proton beam exceeds a critical value defined as Ic = gD aev (4on)r1 (1) . In this equation lD is the perimeter of the vacuum chamber, a the sticking probability and vr the average speed of the desorbed molecules, e the electron charge, a the ionisation cross-section of the gas molecules and n the yield of ion induced gas desorption. The 2. New cryostat (Fig. 1) The cold bore vacuum chamber is 1300 mm long and of elliptical cross-section (160 x 54 mm (1)). In other experiments the value of n was enhanced by covering the cold bore with condensed gases (H2 and N2) or by simply omitting bakeout.
Condensed hydrogen
The most critical stability conditions might be obtained when a few monolayers of H2 are condensed on the cold chamber. Among the gases which are commonly present inside UHV systems, condensed H2 shows the highest values of n, which increases almost linearly with surface coverage and reaches a flat top value of about 5 x 104 at 1016 molecules/cm2 for incident proton energies of 5 keV or higher3 . Below 5 keV the flat top value can be exoressed as n = 104 E (2) where E is the energy of the incident protons in keV4. For gases heavier than H2 much lower yields were measured.
For instance, n-= 103 for condensed N2 (coverage from 3 to 10 x 1015 molecules/cm2) bombarded by N2 ions with energy above 5 keV4 Although not representative of a possible situation in a real machine (where the H2 load would be too small), this experiment was performed hoping to obtain Ic in a well defined surface coverage situation. After filling the cryostat with LHe, hydrogen was injected at one end of the cold chamber, for a total amount corresponding to a uniform coverage of 3 x 1016 molecules/cm2 or 10 monolayers. At the end of the injection, the same pressure of 3 x 10-6 torr was obtained on both sides of the cryostat, showing that saturation was achieved on the whole length of the bore. The temperature of the cryostat was then reduced by pumping over the liquid helium bath from 4.2 to 2.3 K. Previous experiments carried out in the laboratory showed that at this temperature the H2 saturation pressure reaches the low 10 10 torr range and then levels off due to desorption by thermal radiation5 entering the cryostat from the ends. Upon reaching a pressure of 2 x 10-10 torr the ISR sector valves were opened and a proton beam injected into the machine. A slight pressure increase was observed at 6 A and the increases became more pronounced with higher 4087 beam current. At constant currents the pressure recovered at a rate which also increased with the beam intensity. At 35 A the pressure went through a maximum of about 6 x 10-10 torr on both sides of the cold bore and then kept decreasing even when the current was raised to 36 A. All pressure variations were predominantly H2 (more than 95%). The maximum current obtained was 36,A and the beam was kept for 6 h. During this time the pressure decreased continuously and finally reached a value of 1 x 10-10 torr, i.e. lower than before circulating a beam. When the beam was dumped, its intensity was 33 A. Dumping produced a pressure decrease of 1.5 x 10-11 torr.
IInterpretation of these results is difficult. Taking r = 5.7 cm, a = 2.3 x 10-19 cm2, and assuming that the energy of the ions up to intensities of the order of 30 A is 1 keV per 10 A and that the desorbed molecules have the temperature of the cold chamber (2.3 K) and consequently that a = 1, from equ. (1) and (3) follows IC = 10 A. This value could be compatible with the observed pressure increase at 6 A. On the other hand, if the molecular temperature is 300 K (at which a 0.7) the same equations give IC = 28 A. This value could be considered as an upper limit because it would imply that about 50% of the energy of the impinging ions is used to desorb H2 molecules. However, the simple theory on which these estimates are based does not readily explain the pressure decay at constant beam current. This decay indicates a decrease of desorption yield which, we believe, might be produced by H2 rearrangement consequent to non-uniform ion bombardment on the perimeter of the vacuum chamber. The observed decay times are compatible at these pressures with the rearrangement of the relatively small quantities of H2 condensed on the cold bore. To clarify this point we plan to repeat the experiment with larger H2 coverage to render the effect of rearrangement small during the test.
Condensed N2
A quantity of N corresponding to an homogeneous coverage of 6 x 10 6 molecules cm2 (or about 20 monolayers) was injected with cold bore at 15 K. This layer is thicker on the injection side, where the gas first impinges on cold surfaces. In the present case a coverage of the order of 100 monolayers is estimated at the entrance of the cold bore. After gas injection the layer was frozen by cooling to 4. 
Conclusions
Although many basic aspects of beam induced gas desorption from cold surfaces still need to be better clarified, we believe that the reported experimental evidence proves the feasibility of cold bore, unbaked Proton Storage Rings. To strengthen this conclusion we plan to run the ISR with this test section cold and unbaked for a period of about 3 weeks.
